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Abstract 
Due to the ability of carbon nanotubes, they are used to transport and deliver drugs and antibodies without poisonous effects in 
cells. The internal flow of carbon nanotubes shows a better result of biological function than water channels. Thus, molecular 
dynamics simulations were carried out for calculation of the speed of water delivery in nanotubes considering the capillary 
properties of Single-walled, Zigzag, chiral and Armchair carbon nanotubes arrangements, using discharge calculation (Q). It was 
found that the speed of water delivery in nanotubes is in the order of armchairs, chiral and finally zigzags. In other words, it is to 
argue that the adhesion between water molecules and the inner wall of Armchair nanotubes is stronger, and its capillary property 
functions faster than other arrangements. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction  
Nanotechnology is a science dealing with structures with the dimensions of 1 to 100 nm and has different 
applications in different scales, Peer et al. (2007). Water trapped in the nano-space plays a very important role in 
chemical reactions involving solid - liquid interfaces. Water passes through cellular membranes and controls the 
biochemical activities; thus, understanding the structure and behavior of water in nano space is essential, Bellissent-
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Funel et al. (1987), Head-Gordon and Hura (2002), Matsumoto et al. (2002). Hammer et al. showed osmotic transfer 
of water inside carbon nanotubes using molecular dynamics simulations, Hummer et al. (2001), Kalra et al. (2003). 
Holt et al. also demonstrated experimentally that water passes through carbon nanotube membranes faster, Holt et 
al. (2006). Chapan et al. also examined the dependence of water transfer and water vapour pressure trapped inside 
the carbon nanotubes on the diameter of carbon nanotubes and temperature variation. They found that water boiling 
temperature inside carbon nanotubes increased and for very narrow carbon nanotubes, the penetration (infiltration) 
coefficient reduced, Chaban (2010), Chaban and Prezhdo (2011), Chaban et al. (2012). However, the mechanism of 
transfer and release through carbon nanotubes still remain unknown, although both manufactured structures, 
including cluster and single-layer structures, have been observed in the transfer and release processes of water, 
Iiyama et al. (2000), Ohba and Kaneko (2007), Ohba et al. (2005). In addition, hydrogen bonds have non-
understandable structures; therefore, the mechanism of release and transport of water remains unknown, Ohba et al. 
(2013). 
In this study the capillary properties of carbon nanotubes was evaluated through molecular dynamics simulations 
and Reaxff field force. 
2. Experimental 
The objective of this study is to evaluate the delivery situation of water into the mentioned nanotubes 
arrangements of Zigzag CNT (26,0), Chiral CNT (21, 9) and Armchair CNT (15, 15), Table 1. It is also tried to 
clarify conditions in which capillary properties would function faster and encompass the water molecules in the 
mentioned nanotubes arrangements. In other words, it will be tried to show how much water and at what speed 
would be absorbed by a nanotube at similar dimensions.  
First, modeling of the desired systems was done using hyperchem application, after modeling with Gdis software 
and format changing, the input files were created using Gulp application for the final calculations. The simulation 
was done through Reaxff field force and NVE dynamic situations (Fig. 1). 
Table 1. The length and diameter of the nanotubes. 
CNTs Length  ( Å) Diameter ( Å) 
CNT(15,15) 30 20.274 
CNT(21,9) 30 20.094 
CNT(26,0) 30 19.727 
 
 
 
 
 
 
 
 
 
Fig. 1. Start of the property, capillary nanotubes. 
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3. Results and discussion 
After conducting Molecular dynamics simulations and gathering the results (Fig. 2.), the delivery speed of water 
in single-walled carbon nanotubes can be classified. Capillary properties in Armchair nanotubes - (15, 15) function 
faster comparing to the other two nanotubes arrangements of Zigzag (26, 0) and Chiral (21, 9). In other words, 
adhesion forces between water molecules and carbon nanotubes function better in Armchair nanotubes. In later 
stages of drug delivery, with water molecules will be studied.  
 
 
 
 
Table 2. Filling rate, nanotubes. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. The fill times of CNTs. 
4. Conclusions 
The capillary property in Armchair nanotubes (15, 15) arrangement functions faster comparing to the other two 
nanotubes arrangements of Zigzag (26, 0) and Chiral (21, 9). In other words, adhesion forces between water 
molecules and carbon nanotubes function better in Armchair nanotubes.  
CNT Lcnt  ( Å) d cnt   (Å) t(Ps)   Q (M2/s) 
CNT (15,15)      30 20.274 68 1.42*10-16 
CNT (21,9)     30 22.094 71 1.62*10-16 
CNT (26,0)     30 19.727 117 7.83*10-17 
   
Zigzag-117Ps Chiral-71Ps Armchair-68Ps 
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